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Introduction
The dietary requirement for essential amino acids results from the combination of the requirement for net protein accretion and the requirement for maintenance (Cole, 1980; Moughan, 1989; Fuller, 1991; Baker and Chung, 1992) . The maintenance portion of requirements result from excretion of unmodified amino acids, conversion of amino acids into specialized metabolites, amino acids lost from integuments, oxidation of amino acids, and endogenous amino acid losses associated with turnover of gut mucosal tissue. Although maintenance requirements in the young pig generally represent less than 10% of total amino acid requirements, the maintenance requirement as a proportion of the total requirement increases as pigs approach slaughter weight Black and Davies, 1991; Chung and Baker, 1992b,c) . The ideal ratios of essential amino acids to lysine (Lys) determined for maintenance in the growing pig are also substantially higher for threonine ( Thr) , tryptophan ( Trp) , and sulfur amino acids ( SAA) from the overall ideal dietary pattern suggested for growing pigs (ARC, 1981; Moughan and Smith, 1984; NRC, 1988; Fuller, 1989, 1990; Chung and Baker, 1992a) . Williams et al. ( 1993) have reported that ratios of Thr:Lys (Lys = 100) of 64 and 68% for the grower phase and finishing phases, respectively, produce optimal performance and protein retention.
The importance of the maintenance component and the higher ratios of Thr, Trp, and SAA in the ideal pattern for maintenance should serve to increase the necessary ratios of these amino acids in the ideal dietary pattern for finishing pigs. The trials, herein were conducted to evaluate performance and carcass composition of pigs fed two different ratios of these key amino acids for the finishing period (Baker and Chung, 1992; Baker et al., 1993) . Experimental Diets. Corn and soybean meal were stored in bulk to ensure consistency within and between the trials. Both sources of intact protein were analyzed in duplicate for CP (AOAC, 19901, and amino acid content of the corn and soybean meal were determined in quadruplicate using ion-exchange chromatography following hydrolysis in 6 N HC1 for 22 h at 110°C (Spackman et al., 1958) . Analysis for cystine and methionine was done on samples pre-oxidized with performic acid (Moore, 1963) , except that samples were diluted with water and freeze-dried to remove excess performic acid. Amino acid hydrolysates were analyzed using a Beckman model 126 amino acid auto analyzer (Beckman Instruments, Palo Alto, CA). Tryptophan was analyzed chromatographically following LiOH hydrolysis (Degussa Corporation, Allendale, N J ) . The experimental diets (Table   1) were formulated to contain a marginal level of Lys for both the early ( EF = 56 to 90 kg, 5 5 % digestible Lys) and late ( L F = 90 to 112 kg, 50% digestible Lys) finishing periods, relative to the determined Lys requirement ( E F = .58% for barrows, .64% for gilts; LF = .49% for barrows, 5 2 % for gilts) for pigs of the same genotype confined under similar conditions (Hahn and Baker, 1995) . The CP levels ( E F = 11% CP, LF = 10% CP) used in the previous Lys requirement studies also were used for the current trials. Diet 1 (Table 1) for both the EF and LF periods was formulated to contain digestible Thr, Trp, and SAA at their ideal ratios (i.e., 65, 18, and 6096, respectively) t o digestible Lys in the ideal pattern determined for 10-to 20-kg pigs (Chung and Baker, 1992a) . To produce the desired ratios in diets based on corn and soybean meal while maintaining an 11 or 10% CP level, dilution of the intact protein sources with cornstarch was necessary. The ratios of the digestible levels of essential amino acids other than Thr, Trp, and SAA relative to digestible Lys met or exceeded ideal ratios in the pattern for the 10-to 20-kg pig (Chung and Baker, 1992a) .
Materials and Methods

Animals
Diet 2 ( proposed ideal ratios (i.e., 70, 20, 65%, respectively) to digestible Lys for finishing pigs (Baker and Chung, 1992; Baker et al., 1993) . Cornstarch was again used t o dilute the CP level of the diet. The digestible levels of the other essential amino acids relative to digestible Lys again met or exceeded their ratio in the proposed ideal pattern for young pigs (Chung and Baker, 1992a) .
Lysine digestibility values for the complete diets were estimated by multiplying the analyzed Lys levels in the corn and soybean meal by the apparent digestibility of Lys in those feedstuffs (NRC, 1988) . When the NRC (1988) values were used to calculate the Lys digestibility for basal diets used in another experiment (Hahn and Baker, 1995) , which used the same corn and soybean meal as the current trials, the calculated digestibility estimates were similar to the actual determined apparent digestibility values of those diets. The digestibility estimates used for all other essential amino acids were calculated by multiplying the analyzed level of the amino acids in the corn and soybean meal by their apparent digestibility as reported by Southern (1991) for these feedstuffs. Although the ideal pattern used is based on true digestibility values, use of apparent digestibility is adequate for diets based on corn and soybean meal, as similar results are expected. Differences that result from use of apparent digestibility would lead t o underestimation of digestible levels of amino acids in the diet and excess amino acids relative to the minimum level required to produce the ideal pattern desired.
Protocol and Design for Trial 1. Ten pigs (five barrows, five gilts) with an average weight of 50.1 kg were killed and analyzed to determine initial body composition. These pigs were from the same pool of animals used in the feeding trial. A randomized complete-block design with a split-plot arrangement (sex was the main plot and diet the subplot) was used. Forty pigs (20 barrows, 20 gilts) with an average initial weight of 56.2 kg were assigned to blocks based on sex, ancestry, and weight. Individual pigs within blocks were randomly assigned to one of the two dietary treatments. Pigs were fed a 16% CP corn-soybean meal diet before allotment. Feed was withheld 12 h before initial and final weights. Early finishing diets were fed from 56 t o 90 kg, and LF diets were fed from 90 to 112 kg. Diet changes were made when mean replicate weights reached 90 2 2 kg. Pigs were self-fed the experimental diets until mean replicate weights reached 112 kg. Growth and feed efficiency data were summarized on an equal-time basis (i.e., the end point being when the first replicate in the trial was removed from feed to be shipped for slaughter).
Animal Housing in Trial 1. Pigs were housed two pigs/pen in a mechanically ventilated finisher building. Pens measured 1.8 m x 2.7 m and provided a usable floor area of 2.2 m2/pig. Flooring was a combination of solid concrete and concrete slats (approximately 50:50). Water was provided free choice from nipple waterers. Environmental temperature in the finishing building ranged from 15" to 22°C during the trial.
Carcass Separation and Chemical Analysis [Trial 1 ) .
Three replicate pens of two pigs for each diet within a sex (12 barrows, 12 gilts) were selected randomly and were killed for body composition analysis. Pigs killed initially and those killed at the end of the trial were weighed before being killed at the University Meat Science Laboratory. They were killed by electrical stunning and bled using standard procedures. Blood was collected quantitatively and weighed. A 25-mL subsample of fresh blood was obtained from each pig for analysis. Blood samples were freeze-dried, after which equal weights of the dried blood from each pig were used to make a pooled sample for chemical analysis of the initial barrow, initial gilt, final barrow, and final gilt groups.
Heads were removed and weighed; the entire gastrointestinal tract was also removed and weighed. The tract was then emptied of its contents, rinsed with a minimal amount of water, and reweighed. The whole carcass including skin and hair, was weighed and ground twice through a 1.6-cm die, and twice through a 5 c m die. Hand mixing was done between each grinding to ensure homogeneity. A representative sample (approximately 4 kg) was taken after grinding and frozen. Heads were pooled within sex and ground and sampled in a fashion similar to the carcasses. The viscera were ground twice through the .5-cm die before a representative sample (approximately 4 kg) was taken and frozen. After freezing, samples of carcass, head, and viscera were ground through a .l-cm die until a homogenous paste was obtained. Two subsamples of approximately 300 g were weighed, freezedried, and reweighed after coming to air-dry weight. Freeze-dried samples were stored at 4°C until they were analyzed. Absolute dry matter for the various components was obtained by drying the samples for 24 h at 105°C. Samples were extracted in a mixture of chloroform and methanol (4: 1, vo1:vol) for determination of lipid concentration. For ash assessment, samples were dry-ashed 24 h at 550°C in a muffle furnace. Nitrogen concentration was determined by the macro-Kjeldahl procedure (AOAC, 19901, and lysine was quantified chromatographically after 22 h of acid hydrolysis. Based on separate quantitative analysis of the carcass, blood, head, and viscera (including empty gastrointestinal tract), whole-body composition was calculated based on the weighted contribution of each component. Wet weights of all components after grinding, and also including gut fill, averaged 97% of empty body weight just before killing.
Protocol and Design of Trial 2. A 14-d nitrogen metabolism trial consisting of two 7-d periods was conducted using the LF diets (Table 1) . Each period consisted of a 2-d adaptation period followed by a 5-d collection period. A replicated 2 x 2 Latin square design was used. Collection periods represented rows within squares and individual pigs represented columns within squares. Eight pigs (four barrows, four gilts) with an average initial weight of 90.6 kg were assigned to the squares. Within sex groups, two pigs were randomly assigned to each of the four squares. Within squares, pigs were randomly assigned to diet for the initial period. In the second period, each pig received the alternative diet. During the collection periods, controlled equal feeding was practiced; pigs were fed 3,000 g/d, which was divided equally between a morning and evening feeding. L-glutamic acid was adjusted in the two diets to make them isonitrogenous (1.60% N). Water was provided during each feeding to enhance consumption, and additional water was provided at midday to achieve approximate ad libitum water intake.
Animal Housing in Trial
2. Pigs were housed individually in l-m x 2-m metabolism cages in an environmentally controlled metabolism room (2 0 "C 1.
A constant 24-h light schedule was maintained.
Excreta Collection and Chemical Analysis {Trial 2).
Urine was collected daily and filtered through 8-pm glass wool into 8-L collection vessels containing 100 mL of 6 N HCl. Glass wool was changed daily. Each daily urine collection was diluted to a constant 6-L volume, and a 100-mL aliquot was frozen immediately at -20°C. Accumulated 100-mL aliquots from each of the 5 d of collection were kept frozen until they were analyzed. Ferric oxide added at .3% of the diet was fed at the beginning and end of the 5-d collection period to identify when to begin and terminate fecal collections. Feces were collected daily and kept frozen at -20°C. Accumulated feces from each pig over the 5-d fecal collection period were freeze-dried, allowed to come to air-dry weight, weighed, and ground in a Wiley mill equipped with a l-mm screen. Representative feed, urine, and fecal samples were analyzed for N (AOAC, 1990).
Statistical Analysis. All data were analyzed using the GLM procedures of SAS ( 1985 1. Trial 1 was analyzed by ANOVA (Table 2 ) appropriate for randomized complete-block designs with a split-plot arrangement (Steel and Torrie, 1980) . Trial 2 was analyzed by ANOVA (Table 2) appropriate for a replicated Latin square design (Steel and Torrie, 1980) . The error term used to test for sex effects was squares in sex. This resulted in only 2 df for the error term and a very low sensitivity for measuring sex effects.
Results
Trial l . Increased ratios of Thr, Trp, and SAA resulted in a n increased ( P < . 0 5 ) gain:feed ratio and aAppropriate ANOVA for a randomized complete-block design with a split-plot arrangement (Steel and Torrie, 1980) . Sex is the main plot and diet is the subplot.
bDegrees of freedom used for analysis of performance data involving five replicate pens (of two pigs) per sex for each of the two dietary treatments.
CDegrees of freedom used for analysis of carcass composition data involving three replicate pens (of two pigs) per sex for each of the two dietary treatments.
dAppropriate ANOVA for a replicated Latin square design (Steel and Torrie, 1980) . Main effect of sex must be tested using squares in sex as the error term. This results in only 2 df for the error term and a low sensitivity to detect sex effects.
an increased ( P < .lo) rate of both whole body and carcass protein accretion ( Table 3) . The protein accretion increase was due mainly to an increased ( P < .08) concentration of protein in both the whole body and carcass of pigs fed the higher Thr, Trp, and SAA ratios ( Table 4) . Sex effects ( P < . 0 5 ) were observed for days on trial, daily gain, gain:feed ratio, wholebody lipid gain, and carcass lipid gain. Lysine concentration in whole body and carcass protein was not affected by either sex or diet in pigs killed at the end of the trial. Expressed as a percentage of the protein (i.e., g/16 g of NI, Lys averaged 6.22% (whole body) and 5.99% (carcass) in pigs killed initially at 50 kg (Table 4) . In pigs killed at the end of the trial (1 12 kg), Lys averaged 7.25% of whole-body protein and 6.88% of carcass protein.
Trial 2. Increasing the ratios of Thr, Trp, and SAA relative t o Lys resulted in decreased ( P < .05) urinary N excretion and increased ( P < .05) N retention ( Table 5 ) . Nitrogen digestibility was similar between diets, as expected, in that both diets contained equal amounts of the two intact protein sources. Although gilts retained more N than barrows, sex effects were not significant ( P > .lo) due to the low sensitivity for measuring sex effects. aMeans within sex for daily gain, daily feed, and gain:feed ratio represent five replicate pens of two pigs; average initial weight was 56.2 kg and average final weight was 111.3 kg. Means within sex for daily protein and lipid gain represent three replicate pens of two pigs that were killed, separated into components, ground, and analyzed for dry matter, CP, lipid, and ash.
bSex effect for days on trial, daily gain, gain:feed ratio, whole-body lipid and carcass lipid gain ( P < .05). CRatio of apparently digestible threonine (Thr), tryptophan (Trp), and sulfur amino acids (SAA) to apparently digestible lysine (Lys), dDiet effect for gain:feed ( P < ,051.
eDiet effect for whole body and carcass protein gain
with apparently digestible Lys set at .55% for the EF period (56 to 90 kg) and ,509'~ for the LF period (90 to 111).
Discussion
Threonine, Trp, and SAA have been determined to have ratios t o Lys that are twice as high in the ideal dietary pattern for maintenance relative t o their optimum ratios to Lys in the ideal pattern (maintenance + accretion) determined for the growing pig (ARC, 1981; Moughan and Smith, 1984; NRC, 1988; Fuller, 1989, 1990; Chung and Baker, 1992a) . The increased proportion of Thr, Trp, and SAA in the maintenance pattern is consistent with high maintenance requirements of Thr, Trp, and SAA relative to Lys determined for the adult nongravid gilt (Baker et al,. 1966a,b) .
Dietary amino acids provide only 30 to 40% of the amino acids required on a daily basis for protein synthesis, the balance being provided from body protein degradation (Martin et al., 1985) . Differences in the turnover rates of individual amino acids from specific tissues and the whole body have been demonstrated (Garlick et al., 1976; Simon et al., 1978) . The rate of Lys oxidation from tissue pools is slower than aInitial composition data within sex represent means of five pigs. Final composition data within sex represent means of three replicate pens of two pigs each. Average initial weight of pigs taken to slaughter was 56.9 kg and average slaughter weight = 111.8 kg.
bThe amino acid pattern is expressed as ratios of apparently digestible threonine, tryptophan, and sulfur amino acids, respectively, to apparently digestible lysine, with apparently digestible lysine set at .55% for EF (57 to 90 kg) and at .50% for LF (90 to 112 kg) feeding periods.
CDiet effect ( P < .08) for final protein composition (whole body and carcass). aData represent means of four pigs during a 5-d collection period after a 2-d adaptation period. The 2 x 2 Latin square design involved 14 d. Two pigs of each sex were randomly assigned to each of the experimental diets in Period 1, and each pig acted as its own control by receiving the opposite experimental diet in Period 2. Average initial weight was 92.9 kg and average ending weight was 106.0 kg. bRatio of apparently digestible threonine ( T h r ) , tryptophan (Trp), and sulfur amino acids (SAA) to apparently digestible lysine; digestible lvsine was set at 50% of the diet. lCDiet effect ( P c .05).
the turnover rates of either SAA or Thr (Yang et al., 1968; Yamashita and Ashida, 1969; Chu and Hegsted, 1976) . Differential protein turnover rates among tissues can explain a large portion of the differences in turnover rates of individual amino acids. Tissues such as organ protein account for less than 20% of whole body protein, but they have been estimated to compose up to 50% of daily protein synthesis (Riis, 1983; Simon, 1989) . Due to the significant proportion of the free amino acid pool in the body that results from protein turnover, the rate of turnover of individual amino acids and the rate of obligatory oxidation of these amino acids are quantitatively important to net losses of these amino acids from the body. The endogenous amino acid losses associated with turnover of gut mucosal tissue are quantitatively as important to the maintenance requirements for individual amino acids as oxidation losses (Moughan, 19891 , and may represent the majority of the maintenance requirements for many essential amino acids. Threonine represents a significant proportion of the endogenous losses of essential amino acids from the gastrointestinal tract (Buraczewska et al., 1975; de Lange et al., 1989; Butts et al., 1993) . The combination of higher oxidative losses with the significant losses from the gastrointestinal tract may explain why the Thr requirement for maintenance ) is 140% of the maintenance requirement for Lys. The maintenance requirement determined for SAA ) is 150% of the maintenance requirement for lysine. As with all of the other essential amino acids, a significant portion of the SAA maintenance requirement results from obligatory oxidation and gastrointestinal losses. Unlike most other amino acids, however, the methionine and cysteine required to produce specialized products of metabolism may be important to the maintenance requirement for SAA. The transsulfuration pathway provides labile methyl groups necessary for the synthesis of creatine, catecholamines, carnitine, and phosphatidylcholine. Cysteine is used to synthesize taurine, glutathione and active sulfate. Losses of cystine also result from the normal epidermal and integument tissues losses. The ratio of Trp:Lys for maintenance reported by Fuller et al. ( 1989) is greater than all estimates of the ideal ratio of Trp to Lys determined for the growing pig (ARC, Moughan and Smith, 1984; NRC, 1988; Fuller, 1989, 1990; Chung and Baker, 1992a1 , but it doesn't increase to the same extent as Thr and SAA. A combination of differences in turnover rate, gastrointestinal losses, and conversion of Trp to specialized products, such as serotonin or niacin, combine t o account for its increased ratio in the ideal pattern for maintenance. Specific proportions of the different components would be difficult to establish.
The daily level of net protein synthesis increases in a curvilinear fashion until a genotypic maximum rate is obtained, and then it begins to decline (Tullis, 1980) . As a result, dietary amino acid requirements for protein accretion also increase in a curvilinear fashion as metabolic body size (kg.75) increases. Dietary amino acid requirements for maintenance, in contrast, respond linearly with increases in metabolic body size (kg.75) until mature body weight is achieved.
The ideal ratio of individual amino acids:Lys can be estimated for pigs from their protein deposition rates and the amino acid requirements for protein accretion and maintenance determined for the growing pig . Tullis (1981) reported protein accretion rates of 80 g/d for 20-kg gilts and 110 g/d for 95-kg gilts. The calculated ideal dietary Thr ratios that result from these combinations of daily protein accretion and body weight are 73 and 78% of Lys, (Lys = loo), for the 20-and 95-kg gilts, respectively. The ratios of Thr:Lys calculated for these pigs are higher than those determined for the growing pig (ARC, 1981; Moughan and Smith, 1984; NRC, 1988; Fuller, 1989, 1990; Chung and Baker, 1992a ) and probably represent an excess level of Thr. If slightly lower Thr requirements for either protein accretion or maintenance were used, the Thr:Lys ratio would still be estimated to increase. The ideal dietary ratio of Thr:Lys increases with body weight as the result of the increased importance of Thr relative to Lys in the ideal pattern for maintenance and the increased importance of maintenance to total dietary amino acid requirements.
A strong theoretical basis for altering the ideal amino acid pattern for finishing pigs can be established. The increased ratios of Thr, Trp, and SAA resulted in increased whole-body and carcass protein retention in Trial 1, and increased nitrogen retention in Trial 2. These observations provide experimental confirmation of the need for an increased ratio of at least one of these amino acids. Further experiments are needed to confirm if increases in the ratio of all three amino acids are required for the finishing period. Williams et al. (1993) reported that higher rates of protein accretion are achieved by increasing the ratio of Thr:Lys for finishing pigs.
Implications
The swine industry uses the ideal protein concept as a basis for diet formulation. In our experiments, protein retention in finishing pigs increased when the ratios of threonine, tryptophan, and sulfur amino acids were increased relative to their ratios in the ideal pattern developed for the young pig. Optimum ratios of these amino acids change because the maintenance requirement for amino acids increases as a proportion of the total amino acid requirement as pigs advance toward market weight. Optimum levels of these key amino acids may not always be provided if the ideal pattern developed for the young pig is applied to the finishing period.
